Variation in average Model for End-Stage Liver Disease (MELD) score at liver transplantation (LT) by United Network for Organ Sharing (UNOS) regions is well documented. The present study aimed to investigate MELD variation at the interregional, intraregional, and intra-donation service area (DSA) levels. Patients undergoing LT between 2015 and 2016 were obtained from the UNOS standard analysis and research file. The distribution of allocation MELD score including median, skew, and kurtosis was examined for all transplant programs. Intraregional median allocation MELD varied significantly within all 11 UNOS regions. The largest variation between programs was seen in region 5 (MELD 24.0 versus 38.5) and region 3 (MELD 20.5 versus 32.0). Regions 1, 5, and 9 had the largest proportion of programs with a highly negative skewed MELD score (50%, 57%, and 57%, respectively), whereas regions 3, 6, 10, and 11 did not have any programs with a highly negative skew. MELD score distribution was also examined in programs located in the same DSA, where no barriers exist and theoretically no significant difference in allocation should be observed. The largest DSA variation in median allocation MELD score was seen in NYRT-OP1 LiveOnNY (MELD score variation 11), AZOB-OP1 Donor Network of Arizona (MELD score variation 11), MAOB-OP1 New England Organ Bank (MELD score variation 9), and TXGC-OP1 LifeGift Organ Donation Ctr (MELD score variation 9). In conclusion, the present study demonstrates that this MELD disparity is not only present at the interregional level but can be seen within regions and even within DSAs between programs located as close as several city blocks away. Although organ availability likely accounts for a component of this disparity, the present study suggests that transplant center behavior may also play a significant role.
This variation can be demonstrated through a patient with a MELD score 38 facing a 90-day probability of wait-list death ranging from 14% in some donation service areas (DSAs) to 82% in others, with a 90-day probability of undergoing a LT ranging from 18% to 86% based on geographic location. (3) The 11 UNOS regions are not monolithic, however. Previous studies have demonstrated that MELD score variation exists at both the interregional and intraregional levels. In 1 study, MELD score at LT varied by more than 10 points between DSAs and more than 7 points between regions. (4) In addition, significant variability in MELD score can be seen between centers within the same DSA, where no geographic barriers in organ allocation exist. This variability alludes to different transplant center practice patterns in addition to "organ availability" as an influence on median MELD score at transplantation.
When comparing MELD score between programs, using only means/averages ignores a great deal of information about the practice pattern of that institution. Although standard criteria organs are usually allocated and accepted by the highest MELD score recipient on the list, marginal or extended criteria organs may be available for a broader number of recipients with lower MELD scores if they have been declined by multiple centers. Previous publications have suggested that steatotic, elderly, and donation after cardiac death livers can have good results if used for appropriate recipients with lower biological MELD scores. (5) (6) (7) (8) With this in mind, a transplant center using marginal organs for their lower MELD recipients after they have been declined by multiple other centers will have a lower mean MELD score than a program who does not use these organs, despite a similar MELD score requirement for standard criteria organs. In this way, averaging a program's MELD score does not fully represent the availability of organs at any given transplant center and unfairly represents the utilization of any given organ by the transplant center. Understanding the distribution of MELD score at transplant may provide more insight into the transplant center's true availability and utilization of organs. Skew and kurtosis are 2 ways in which a distribution can be described. Skewness provides a measure of the symmetry of data, whereas kurtosis is a measure of the "tailedness." These metrics can be used to assess the MELD score distribution of patients transplanted at a particular center and can provide a better representation of any transplant center's access to organs.
The present study aimed to investigate intraregional variability and to compare the distribution and skew of allocation MELD scores between transplant programs. In doing so, we sought to not only further our understanding of the variability between UNOS regions, but also the large variability in allocation MELD within regions and within DSAs.
Patients and Methods
After approval from the Mayo Clinic institutional review board, data were obtained and extracted from the UNOS standard analysis and research file. The study population included all adult LTs performed in the United States from January 1, 2015, to December 31, 2016.
The distribution of allocation MELD score was examined for all transplant programs. If skewness was less than 21 or greater than 11, the distribution was categorized as highly skewed. If skewness was between 21 and 2 1 = 2 or between 1 1 = 2 and 11, the distribution was categorized as moderately skewed and if skewness was between 2 1 = 2 and 1 1 = 2 , the distribution was categorized as approximately symmetric (normal; Fig. 1 ). (9) Kurtosis was defined in terms of the central peak in comparison to a normal distribution (kurtosis 5 3 or mesokurtic). A distribution with kurtosis <3 (excess kurtosis <0) was called platykurtic. Compared with a normal distribution, its tails are shorter and thinner, and often its central peak is lower and broader. A distribution with kurtosis >3 (excess kurtosis >0) was called leptokurtic. Compared with a normal distribution, its tails are longer and fatter, and often its central peak is higher and sharper (Fig. 1 ). Wait-list mortality was calculated as rate per 100 person-years. Deaths following removal from the waiting list for reasons other than transplant, transfer, or recovery, and before any subsequent transplant, were included. Donor risk index (DRI) was calculated using previously defined methods. (11) All statistical analyses were performed using STATA, version 12 (Stata Corp., College Station, TX). Differences between groups were analyzed using the unpaired t test for continuous variables and by the v 2 test or continuity correction method for categorical variables. Wilcoxon rank sum was used for variables that did not display a normal distribution. All statistical tests were 2-sided, and differences were considered significant when P < 0.05. 
Results
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25), whereas the lowest were regions 1 and 9 (MELD 5 18). The percent of MELD exception cases undergoing transplantation also varied significantly by region, with the highest being regions 6 and 9 (46.6% and 46.2%) and the lowest being regions 3, 10, and 11 (28.0%, 25.6%, and 28.5%, respectively). Median program wait-list mortality was highest in region 7 (19.3 per 100 patient years) and lowest in region 9 (8.8 per 100 patient years). There was no correlation between wait-list mortality and median allocation MELD score at transplant (P 5 0.21). Wait-list mortality was inversely correlated with the number of exception cases undergoing transplantation (P 5 0.048).
On linear regression larger program size was associated with lower median MELD score (P 5 0.02), higher DRI (P 5 0.001), a lower median MELD score than the regional median (P 5 0.03), and lower median MELD score than the DSA median (P 5 0.001), respectively.
The distribution of allocation MELD scores for each transplant program was evaluated for skew and kurtosis. Overall nationally, allocation MELD score distribution showed a moderate negative skew and was platykurtic (Fig. 3) . Regions 1, 5, and 9 had the largest proportion of programs with a highly negative skewed MELD score and leptokurtosis (50%, 57%, and 57%, respectively), whereas regions 3, 6, 10, and 11 did not have any programs with a highly negative skew (Table  1 ). In the highest MELD regions (5 and 9), a wide range of MELD score distributions were seen, with some programs being highly negatively skewed and leptokurtic, whereas others were normally distributed and platykurtic (Fig. 4) . Programs with a positively skewed MELD score were only seen in regions 3, 10, and 11. The majority of programs with a positive skew were single-center organ procurement organizations (OPOs; 77%; Fig. 5 ).
MELD score distribution was also examined in programs located in the same DSA, where no barriers exist and theoretically no significant difference in allocation should be observed ( Table 2 ). The largest DSA variation in median allocation MELD score was seen in NYRT-OP1 LiveOnNY (MELD score variation 11), AZOB-OP1 Donor Network of Arizona (MELD score variation 11), MAOB-OP1 New England Organ Bank (MELD score variation 9), and TXGC-OP1 LifeGift Organ Donation Ctr (MELD score variation 9). 
Discussion
Disparity in allocation MELD score across the United States continues to be a major issue in the field of LT. (12) Most discussions of MELD disparity focus on differences between the 11 UNOS regions viewed as conglomerate averages. The present study demonstrates that there was a large variability between transplant program median allocation MELD score at all levels of allocation during the study period.
The present study supports prior publications that have demonstrated regional variation in allocation MELD score.
(1-3) Region 5 had the highest median allocation MELD score (MELD, 34), whereas region 10 had the lowest MELD score (MELD, 24).
Regional differences in allocation MELD score are likely multifactorial (organ availability, use of exception scores, wait-list practices, organ acceptance behavior) and have evolved over time. Interestingly, a higher proportion of MELD score exceptions were observed in the regions with the highest median MELD scores at LT, whereas a lower proportion was observed in regions with the lowest median MELD scores at LT. Previous authors have introduced the term "MELD inflation" to describe the influence of MELD exceptions on median MELD score over time and have suggested that the primary driver of MELD inflation is the upgrade of MELD points given to exception candidates. (13, 14) In the present study, there was no correlation between wait-list mortality and median allocation MELD score, although there was an inverse correlation between wait-list mortality and the proportion of MELD exceptions.
The present study also demonstrated a large amount of intraregional variation in median MELD scores. All 11 UNOS regions had programs that had median MELD scores at transplant of 25 (normally distributed and platykurtic), and all regions except 10 and 11 had transplant programs with median MELD scores of 30 (negatively skewed and leptokurtic). When individual program allocation MELD score distributions were investigated, regions 1, 5, and 9 had a larger proportion of programs with highly negatively skewed distributions toward higher MELD scores. Programs within these regions that displayed a normal MELD score distribution had significantly higher median donor DRI, likely accounting for their ability to transplant patients with lower MELD scores despite being in a high MELD score region. These "aggressive" programs appeared to be preferentially using higher DRI livers in their lower MELD score patients and as such were able to transplant patients across a range of MELD scores despite the high median MELDs in their region. Previous authors have evaluated individual transplant program organ acceptance behavior and assigned an aggressiveness score based on relative utilization of higher-risk livers. (15) Although there is no universal definition of a higher-risk liver donor, this study used components of the widely accepted DRI as well as elevated LFTs and Public Health Service increased risk. Aggressive centers were generally highvolume programs and were less likely to be seen in single-center OPOs. The present study demonstrated that higher-volume programs were more likely to have a median allocation score lower than both the regional and DSA median. The association between transplant volume and aggressiveness is likely related to surgeon attitude and experience or institutional experience and protocols for certain higher-risk organs. In addition, given the current regulatory climate, low-volume centers may be more significantly affected by a single bad outcome and as such be less inclined to use these organs. (16) Although the current study was not designed to investigate the influence of program outcomes on median allocation MELD score, this likely represents an area that should be studied further. The natural inclination of many programs suffering from inferior outcomes may be to become more "conservative" in organ acceptance. However, this can potentially increase expected outcomes and have a potentially counterproductive effect.
Programs with a positive skew in their MELD score distribution (primarily lower MELD score patients) were seen almost exclusively in single-center OPOs. Programs with a positive skew were only transplanting a narrow range of patients around a lower median MELD score. With the exception of organs that are offered for Share 35, these programs have the ability to transplant whatever patient they feel is suitable when there is an organ offer within their DSA.
An interesting finding of the present study was that a large variability was seen between programs located in the same DSA, where there are no barriers to organ allocation and therefore no disparity should exist. The largest intra-DSA disparity was seen in NYRT-OP1 LiveOnNY (MELD score variation 11), AZOB-OP1 Donor Network of Arizona (MELD score variation 11), MAOB-OP1 New England Organ Bank (MELD score variation 9), and TXGC-OP1 LifeGift Organ Donation Ctr (MELD score variation 9). This disparity highlights the effects of transplant program behavior on median MELD score at transplant. Again, in these DSAs with the largest disparity, some programs displayed a highly negative skewed leptokurtic distribution, whereas others displayed normally distributed platykurtic distributions. It should be noted that a large range in median MELD was found in region 9, where a variance exists so that all livers are shared at the regional and not DSA level. In that region, all programs had a median MELD score of 33-34 with the exception of 2 programs that had median MELD scores of 23 and 25, respectively. These lower MELD score programs both displayed normal, platykurtic distributions suggesting that they were transplanting patients with a wide range of MELD scores. One question arising from this study is as follows: How much variability in transplant center practice and median MELD score is inevitable? Higher DRI organs result in increased resource utilization and cost. (17, 18) Different transplant programs may have access to different resources that affect their ability to accept higher DRI organs. Mandating programs to accept higher DRI livers may be unsafe as well as threaten the available resources for a given program. The tragedy of the national opioid epidemic has at least partially resulted in record increases in the number of organ donors recently. Between 2015 and 2016, there was an 11% increase in the number of LTs performed nationally. Because different regions of the country have been affected to varying extents by this opioid crisis, the implications of this on MELD score disparity cannot be discounted.
Analyzing MELD score distribution (skew and kurtosis), instead of using median MELD score when investigating and comparing transplant programs, is a novel approach with the ability to provide more robust information about program behavior. By using these distribution metrics, the programs with lower median score as a result of using marginal organs for their lower MELD recipients after they have been declined by multiple other centers can be differentiated from programs mainly transplanting lower MELD score recipients. It may also help to explain MELD score disparity at the DSA and intraregional levels because such a program would have a lower median MELD score than a program who does not use these organs, despite a similar MELD score requirement for standard criteria organs.
There is no question that disparity in median MELD score at LT exists in the United States. The present study demonstrates that this disparity was not only present at the interregional level but was seen within regions and even within DSAs between programs located as close as several city blocks away. Although organ availability likely accounts for a component of this disparity, the present study suggests that transplant center behavior may have also play a significant role in the differences noted.
